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line .coltiian . Siirve’j t it‘‘ appearei t r . 

'curt-e of " coi'SSn'’ Strength' - by~?e st yather than by extrapolation 
Of -reldt i 6h&' r &et ef-i&ined empirically ih’the earlier -tes ts-. 
Typical properties of 75S-T extrusions are? 
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The object of this, investigation was to determine the ■ 
curve of column strength for Oxtr’uded aluminum alloy 75S— 1 T fc 
In addition to three extruded shapes, a rolled-and-drawn 
round rod was included. Specimens- of various 1 engths_ cover-* 
ing th4‘ :! r’affge'’ ? 8? e'ff edt‘iv'8 gf 8hdSrhe'ss' r f^i5i 6’4 l ‘"'ip ' to about. 
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,~ 00 Tfle ; specimens' iis - ^ I i£ '^hd ’hoit^m£L te^t 's^are 'de B.cribed, in 
‘i'atJfe *3? ih’O 1 Acttiai 'avefagi aVea. 'of t^e'"angie. was deter- 
mined from the length and weight of a long piece and the 
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7.7 oe. 


nominal density of the mat er tal.XO. . 101 lh per cu in.). 

The areas of the rectangular barB and the round rod were 
determined from the 'meastir Sd dimehs Ihfis The crookedness 
of the various specimens was. meae.ur ed by placing thickness 
b$tw$en.. tfce. ,§gep|men and a plane surface upon which 
rested,' The eh&ii of 1 the'-SpiblaensO wer 6 finished flat - 


it 

and parallel by turning, the specimens on an arbor or 
a steady— rest in ’a lathe,' - r .. 


I 


in 


The mechanical properties of the materials used are 
given in table IX, The ■■t^us lie ' t'eh ts were made in accord- 
ance with A.S.T.M. Standards for Tension Testing of Me— 
Materials. ( E8— 4.2 ) . In the case of the angle, 

J^%t, jl/2— inch— Wide i %J>ebi i mehh'- wer er- us.e'd,' .. d-n the. case of 
* angular barh' ahd Voiind/ rp:dj,.. -I /8— inch— 4.1am eter 

• .specimens were; it ik-Bil ‘f¥oa> -thfsf ?<?en t'er- . oft the section,. 

c'o X-*' 0 #*?**!*# •’o'f'Ath &' *eaet rua M^. ■gi.^gn 'in table ’ll. 

are, )fai;r, .ag/-tfeiffexfb : w : i'1?h J t'he’ typ leal' «v^lvas: .and" are 
therefore well' ‘'ahoVe. :r tfcie 'd'p'Sdif ifed mifflmvsm ^l^es . Etched 
cross sections of "the' 'bar s 'Shewed-^hiform structure through- 
out the cross section. 

• ■'* > • * A «* 

> . .« 

Compr eS s ive b’tr ess— strain curves obtained pith,- Spec- 
imens of the full cross section are shown inf-.filgure 1. 

In the case of the angle and rectangular bars , ;i $ he .re- 
ar-l A?’:! 3- v <!? j? 1 pv P“?ent^ of th e platens of the testing machine was 
Interpret ed Into 0 strains , The strains in th# 'round rod 
were measured with a Ewing ext ens ora et er . A correction 
was applied to the indicated strains in order to obtain 
an initial slope of th O'- « tr efe s-^s tV'BSln curve eaual to the 

compressive modulus of elasticity, 
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The column tests were made using the conditions ,p,f . ... 
flat ends. The fixed platens of the testing machine were 
al ined - parallel within 0 . 0003'vinch in IS inches, and the 
specimens were carefully cent er ed '(fh .the platens. The 
ends of the specimens were thus restrained to the extent 
that ..the bear in£ 8 Ai dl^,m. 0 rt-.t.ip^ .^.isp/er ience has indicated 
that 't'his Method ■ pi?;; rij. £ gr»C^igal to 

the coaidlt ibn : of > £ i^gt-e.jtd’s,* .thiip s'-vthp^y.^l^e. .of ' thp co- 
efficient describing, the end. sjori^lt ip^is.,.. K, ..has been, t aken 
equal i;o 0,60. “ ' ‘ • •• .* 
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e * o sir ..‘ffiKe ib^s*- v e -infletPej i-ii-san* ''AhisTer' hytir aui-'i c testing ia> 

J . ’■ ■' r T •■ nichiite "#t ypet* vl'6dZB5^,o -VaVl-kl V'o . r ;-Er254) r haVing h maximum 


»UA.r;ftoff* .’t’-bfet ‘hcn^rk.'py 1 ' v^jbV e Obtained. The 

•••■'“ ii u '•.' ©at , ‘ift^ifb- r tfktL r 11>'hkVi'‘cfh 'b'f 7 tfc‘1 sf“ 'irik-uhl^ne" i ! h%i eat e,s that the er- 

t .! $.yixr i 'irbi 4- 1'ii 4^«C v '-V l lB-iSi4’l r h - g , ‘ VeVV leak' ‘than il percent for the 

lifiubc.* •? r. •» * ll/ohd' ■■&zfgVti> . » ■’ - ■' 1 - r - i - '■?* ■' • ■ - : 

.* i , • .(..>■.•„• • l j..'il 'r ■ri-.ix s*j‘< s-.icaa^ia' • .. r; • ; . o -■- 

, i ■ is Lv.'tt' .c'v.'-t T.o .. ;> .■ t ~ ~ --. » 

KESULTS AND DISCUSSION 

• ? <•*!?« ••■ v-Lya i.f» s/t -ft r.i S ;• f.l 5>y*i:v y; . .*r •»•.:«. 
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■ J *#;-<• IX . 


ri . i' . 'o 1 S o rruTh:e f ; kv*u.U-*«*b f f -tW- •VeliiiMi* ! t e gt.tr are'; giVel in table I 

afcd'r ‘figures’ 1 ? t b 5 v c *'- In ‘"ahd'iti orr-t o - %hk' ? tfe's't-’ fesults, these 
figures show four curves of column strength. One of these 
is the ordinary-; Buler curve representing the equations 

( ‘J i r t ; y 4 ** -Jy ~ " ? ' 


A /KL\ a 

” * \ . , . . V r / 

;• yjV:', .ofih J j "•* '-it 3 • 

"... where 

¥ 

v ~ i I ? • i -d.T -qo; . . 


- -( 1 ) 


— column strength (psi) 

B compr ee.siys jmgdul-a.si?Sf i plasticity ,( psi). ':’taken here as 
10,5(30,000 psi for 75S-T (reference l) 

•; 3 : •■'■: zi ■■■■■'•. ■? ‘ --i l yo v: £ st:» ? :!.«•:• •• r* *r >: -«a»; -• fi'.v i .. ' 

• •; f •?{.-.• iknd.. v -3 ■ £ ?l j .£••! «.:>.?» %’J'vk f J :s?- r • -r.'A 
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. *jvt.f/p -5-T^f iP^eti^e ’^I'ehfiernlel^ d 1 :" f or ' fixed end s , K a 0.50 

'o if£ £h*f.MV»7> ! -.'I'M t ..-7 o -j i... ■- 


>0 i.’> i.f! 
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&: : ,r- -rTht s /.ec|Vi*a?t ton -'-i S ' ,; b^sed * c?jf "tlie J ae saimptd on of elastic action 
4 if ' 7 v «i :iand .sis, H'-heref o‘re, ; : vral*id ■ : o’ii'l'y' K for Stresses in the elastic 
•t. - ' ' r . Kst’re’Ss .-ra-kga * ' ^There ; i' fe : 'f^-irl'y "-go'od \agr eement "between the 
f.'v •* tfest? dat'a ’'h’lXd f'tiie' 'Bu'l^r ! cu'r^ve ^f^or' s'trdsses in the elastic 
<? ’ S :• 'strd ss range . ('* :i ’ ri ; --m i ~ 

•■ .-.c ; (. « •■.■!■. -r-:.zh . '... vjxX i * . a.?- .. : : -- ---- ==^ - 

The second curve is Ingesser's interpretation of- the 
, ; • Sul.er^ jcuryp.. • Ite, .eqjaat-itpn pfi'-tha: ":same- form as that of 
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the Euler curve, the difference being the use of an ef- 
fect ive •mpdulUd of ' elas t icity instead of the initial, 
modulus in order to take into account the inelastic be- 
havior of the mat er ial at average stresses above the 
proportional limit. Experience indicates that the ef- 
fective. modulus chn be teken equal to the tangent modulus 
which is the slope' of the stress— strain curve. Thb're— 
lat io$s ' between “the compr es s ive stress and the t&ngent 
Modulus, .are showrrfn figure 6 . Although the tangent modulus 
CCiunin' ’curve represents the test results fairly well, it 
is not suitable for general engineering use. 

The third curve in figures 3 to 5 is simply a straight 
line drawn tangent to the Euler curve and is a type with 
considerable use in gene.r&l engineering practice. The .. 
equation,, of -the 1 straight . l ine :1s of the form: • ‘ 

B — 0 f •Si ) ( reference 3 ) (3) 


where 

B intercept at zero slenderness ratio, 

0 slope of the straight line 
and 

CYS compressive yield strength, ps i > . 

These straight lines are those that would be predicted from 
an extrapolation of the rules established previously and ; 
are to be used in the range of slenderness ratios" less 
than that at the point of tangency • wi th t he Euler curve, 
for these tests the Straight line is generally conserva— ; ■ r, 
tive' for stresses less than about 90 percent of th’6 'com— 1 / 
pressive yield strength,, and at a slenderness ratio of , - 
about 40 the conservatism amounts to as much as about 1 
10; .pter'c ent , Eor-slendernes s - rat i os less than about SO , 
the" straight line lies somewhat above the test results. 

The Straight— line type equation does not fit these data 
as we > l r l as it did earlier data on lower strength: retllo^s ^ , 

The' fourth curve in figures 2 to 5 is a parabola 
tangent to the Euler curve and is of a type which i* 


CYS ( 1+ 


(i+ 0T 5-^ 

\ 200000 / 
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also commc 
is of the ' 


on in general ..engineering practice. The equation 
'-form: *• ‘ - 


V' 


,, ..... + • 


(3) 


where. 




V s :: m ... • - - 

I* intercept -aty c er o' Vleidhp ns'Bg r’atio. 


and 


r.-H5 


> w >»■ 


coeff iCi'Cht’th'i^ i&akls* 
Euler ciif^S'-’ * a,<l - + 

..... x -j.t.7 l.o U! ■? o 


Pfigabqla tangent to the' 


In general^ ‘thi's t'^||e' ' , ‘of~ n eu,r'£ e. .*f i t-s the data- 


the 'strai'-ght : l'ine : r 'Ft 
rise exce'S's iv e 1 y aTS bVe 1 
slenderness ratios less than about 20. 


1% a 5£ % J* , 

'e* tne test results i 


better than 
that it'does not 
n the range of 
A 8 is the case with 


the straight line, Jb lye ; p-ara^J hli-c.,- .qu^yel ci:e :tc : be Used only- 
in the range o’f s^jsnd'ejrip'e^ft, vagi p ; le:s..s .than that at the 
point of Vangeivey ; .‘ [ ^£8^. opmp&ir-i ebas- the best value of 

seems" f’o be ab out . 71 B" t p-e.r cpnV.. <grep.i er-.-: t tan the compress 

j 1 ■ Ti. 2. r ’•* [ * * _ 4 v. n ’’ I ■ ^ * . ■ 


st r erigh h’.'* Fp j.s.ihly;* a t . general . r< 
cept and"' tn’S^ com’pipeefijfe^yj^ld s.l 


elat i on 
trength’ 


r 

sive yield, 
this inter 

veloped lat er from K a^itu^y’’ of ^.t.SB |.i result’s.’, frdm- materials 
covering a ‘ wi der ”'‘r &n£e 'o’f ' qp^pre ssiv^.-yeild strengths. P 
material having ^■‘‘cqmpretis.^e -yield' Strength .‘equal to the 
typical tensile yield j i s t t^enghh rs (.^0.i ; OQO ; p.si : ). ;t:he equation of 
the parabola ie: ; ' : •*-*' * 44*; 

. J *•«•>•** " 


between 
can be de- 


or 


— = 86,000 - 
A 


17.9 




■ j;i •: rv: 


KL 

•/.;! jfrion’E'i 
*’ C Y«i\r 

\ ‘ ' , , , 

Figure 7 give.?, a c.pmp op. ;p,f-. the , cbl’uim^ : curves ' based ■ 
on the tangent moduli' "for the four sections tested. The 
difference in mechanical properties is reflected in these 
curves. 


CONCLUSIONS 

: .» 3 £a *:iT .; .0 .* .MiUMTrS 
__ ' -T-*.. - . . gvflf ry. r.:tr. i -Vi* - 1 

T.he f oil owing" "Cbncru si ons have been drawn from the re- 
sults of tests and discussion of flat-end column tests on 
75S-T extruded shape a. and, r I pJXe:d“ian>d-,draiwn-' <r.‘o'd pre sehted in 
this report: * * . , . •• n -i ■■ u . *.■ * * 1 v ■ 

Zi'-t ■ - ■■ . , , ■x'l . r 

’ -• . r.n , . v -* "• • a ‘ - i. ,-r;. f . .. 
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1 . For .. column 8tr,ength§ in the elastic streeB range, 
the test results agree fairly well with the Euler column 
curve for columns with fixed ends. 

2. For column strengths above the elastic BtreBB range, 
the test results agree satisfactorily with the tangent mod- 
ulus column curve for columns with fixed ends. The equa- 
tion defining this curve is of the same form &b the fluler 
column formula (equation (l)}, the difference "being that 
tangent -modulus rather than" initial' modulus is used. 

3. The straight-line column curve tangent to the Buler 

curve using empirical constants "based on previous tests on 
lower strength- alloys lies -'belpw: the" t-est? results' for hol- 
umn strengths less than about 90 percent of the compressive 
yield strength of the material and lies above the test re- 
sults for column' strengths, greater than thi s . The straight- 
line type of curve’ does' not appear to' represent the data 
satisfactorily. , ~ 

• i ’ ■ '••** ■ i 2 * * ?' . i; ■’ o ! A ■ a *> 

4 . The parabolic--, column- cut v-e ; taafi gent t? O' the Euler 
curve agrees- well enough , with the; test, resulte that it 
might h? used, for general design purposes ^-o'r slenderness ' 
ratios lpBa than that, at the ■ p-oint of' t angehcy : ' In the" case 
of the material te sted, whieh had . comptee-sive yield -■ 

strengths of 78,000 to 87,000 psi,. the most- sat isfactoh|jr in- 
tercept on the axi s of zero slenderness ratio seems to be 
1.075 times, the compressive yield strength. Additional data 
on other alloys having high • compre e slve yi elds Strengths will 
be useful in • establi shihg a general relation between the 
compressive yield strength and this intercept. 5 ■' ' e 1 

. . N : : 

■ : u . c J - •: ■ 
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TABU I DISCRIPTIOH 07 SPEOIUENS AHD RESULTS Of TESTS - OOLUHH STREHQTH 07 ALUMIHUU ALLOT 7SS-T 

■r. . r ^ » - - . . , . . 


[Specimens tested as 


columns with flat ends] 


Speolmen 

Length. 

Height 

Effective 

Measured 

Ratio, 

Ultimate 

Oolumn 

number 



slenderness 

- -croolcedueas , 

''•L/e 

load. 

strength. 


L 


ratio, 

• 


P 

♦ P/A 


(in.) ; 

(lb) 

KL/r 1 

(in.) 


(lb) 

(psi) 


1 

Ix1jru< 

led Angle, 1 

by i T>y 3/16 i 

a. bio Ho. 79-B 

. (Area, 0.3 

t 

574 aq in.) 


6—38 

38.22 ■. 

~1~. 380* 

97. O’" . 

■ 6.015 

2,660 

3,900 

. 10,910 

6-31 

30.67 : 

1.106 

77.5 ' 

0.011 

; 2,780 

6,160 

17,210 

6-23 

23.00 i 

0.832 

58.4 

0.002 

11,500 

10,920 

30,660 

6-19 

19.08 : 

0.690 . 

48.4 - 

0.006 

3,180 

16,150 

. 42,390 

6-17 

17.19 ; 

0.620 

43.5 

0.504 

4,300 

18,476 

51,690 

6-16 

16.31 . 

0.553 

38.8 

o . 001 ' ■; 

16;, 310 

22,250 

62,260 

6-13 

13.40 

0.486 

34.0 

0.008 

2|,230 

24,000 

67,150 

6-10 

9.690. 

0.346 . 

.24.3 , 



27,280 

76,330 

6-8 

7.696i 

0.276 

19.3 ■ 

0.001' ’ 

7 ’,600 

28,100 

78,620 

6-6 

6.796 

0.210 

14.7 


— 

28,600 

80,020 

6-4 

3.900 

0.141 

9.9 

- 

- 

30,100 

84,230 

Extruded Bar, 

5/8 by 2| in 

(0.623 by 2.264 in.) Die Ho. 

23613— EO. (Area, 1.4io sq in.) 





1* - 
£i- 




17-39 

39.18 

5.60 

108.8 

0.023 . . j 

1,700 

11,350 

8,060 

18-29 

29.03 

4.13 

80.7 

0.006 

4,850 

21,000. 

■14,890 

18-22 

21.77 

3.10 ■ 

60.5 

0.008 ' 

2,720 

38 ,600 

27,300 

18-13 

18.18 j 

2,68 .. 

..60.5 - 

0.002 

2,230 

69 ,'600 

42,200 

18-16 

16.35 : 

2.J30 ' 

42.6 

o.oOe 

2,560 

74,000. 

62,480 

18-14 

14.60 ; 

2.08 

40.5 

: 0.006 

3,430 

80,400 

57,020 

18-13 

12.70 ’ 

1.81 

35.3 

0.005 

8,640 

.- 92,250 

65,430 

17-11 

10.967 

1.57 

30.4 

0.004 

2,740 

I'. 99,000 

70,210 

17-9 

9.088 ~ 

1.30 

~26.2 

0.004 

2,270 

106,000 

75,180 

17-7 

7.401 ■ 

1.05 

20.6 

0.001 

7,400 

109,500 

77,660 

17-5 

5.558 

0.79 

15.4 

0.002 

3,780 

113,000 

„80,140 

17-4 

3.751 

0.54 

10.4 

— ‘ r' » 

“ 

•* 121 , poo 

“85 ,820 

Ext 

ruded Bar, 

1 by 2- in. ( 

L. 001 by 2.010 

in.) Bie.Hc^. 22513-EV. (Area, 2.012 sq in.) 

20-58 

67.80 

11.82 

100.1 

I 0.025 

2,310 

20,000 

9,940 

20-46 

46.30 

9.47 

80.3 

0.013 

3,660 

33,400 

16,600 

20-33 

34.75 

7.09 

60.2 

0.021 

1,660 

■ 57,200 

28,430 

19-29 

29.00 

6.90 

60.2 

; 0.013 

2,330 

.80,200 . 

39 ,860 

19-26 

26.13 

5.32 

45.2 

; 0.018 

1,450 

' 96,200* 

47 ,810 

19-23 

23.19 

4.74 

40.1 

0.004 

6,790 

120 ,000 

69 ,640 

19-20 

20.47 

4.18 

36.5 

0.011 

1,860 

136 ,000 . 

67 ,840 

19-17 

17.40 

3.66 

30.2 

0.006 

2,900 

160 ,900 , 

76 ,000 

21-15 

14.66 

3.99 

25.2 

o:ooe:' 

3 ,420 

166,500' 

82,260 

21-12 

11.692 

2.39 

20.2 

0.004 

2,920 

168,000 

83,500 

20-9 

8.738 

1.79 

16.1 

— 

— 

i71 ,opo . 

84,990 

21-6 

5.880 

1.20 

10. s 

U' 

* * 


s 180 ,500 
« 

“89 ,710 


Rolled and 

Drawn Rod, 

l.in. Diameter, 

(0.996 in.) (A 

rea, 0.J7791 

q in.) 


A— 50 

50.00 

3.950 

.. 100.3 

* 0.010 

6 ,000 

7,800 

10 ,010 

A-4 0 

40.00 

3.171 

80.4 

0.005 

8 ,000 

12 ,400 ' 

15 ,920 

B-30 

30.00 

2.381 

60.3 

0.004 

7 ,500 

22 ,100 

28 ,370 

B-26 

25.00 

1.978 . 

.. . 50.2. ... 

■ 


31 ,900 

40 ,940 

B-23 

22.50 

1.770 

45.2 

- 

• ; 

■38,900 ■ 

49,930 

B— 20 

20.00 

1.579 

40.2 

0.004 

5,000 

46,800 


B— 18 

17.60 

1.381 

35.3 


— ' 

•53 ,150 • 

885,220 

B— 15 

15.00 

1.187 

30.1 



55,600 

71,360 

B— 13 

12.50 

O'. 988 

25.1 

_ 

_i 

57 ,0<)0 

7S ,160 

B-10 

10.014 

0.800 

20.2 

— 


. 62 ,200 

74,700 

A-8 

7.526 

0.600 

15.1 

— Im } 


62,150 

79 ,770 

Jl-5 

5.026 

. ".0.400 - 

J - 

10.1 


— • 

66 ,100 

84,840 


i 


tafcan as O.SO. 

“Maximum load applied, speolmen did not fall'. 











TABLE II.- PROPEKTIES OF MATERIAL - INVESTIGATION OF COLEJUN STRENGTH OF ALEMDJUil ALLOY 75S-T 


o 


i {'Tensile tests madb on l/2-in.-wide rectangular or l/2- in. -diameter round specimens in 
accordance with A.S.T.&. Standards for Tension Testing of Metallic Materials (E8-42)] 

[Cotopressive tests made on specimens of full cross section] 


Shape 

Dimensions 

(in.) 

Tensile 

strength 

(psi) 

Tensile 
yield 
strength 
(offset = 
0.2 percent) 
(psi) 

Elongation 
in 2 in. 
(percent) 

Compressive 
yield 
strength 
(offset = 
0.2 percent) 
(pel) 

Extruded angle 

1 by 1 by 3/lS 

85,400 

77,100 

10.5 

80,300 

Extruded bar 

6/8 try 2 jr 

86,800 

78,800 

9.0 

80,000 

Extruded bar 

1 by 2 

87,700 

80,800 

11.0 

87,000 

Rolled and 
drawn rod 

1-in. diam. 

83,200 

72,600 

14. Q 

77,800 
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Oospraaslva stress, P/A, psi 
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Bgraj 

ii 


- IffuctiYo elendornesi ratio, EL/z 

Figure 3,- Ooluan strength of 758-1 lxlz 3/16 1 b. extruded, angle. Qpeoinens tested 
u coluaaa with flat ends, 1 taken equal to 0.50. 
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Oolumn strength, F/A, pel 
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Oompressire stress, P/A 







XAOA TX Xo. 1004 


f»d *7/4 *m3n»n.« mmtQQ 






J# 1 It. 



3 

n 


figure 7.- Oolumn atrangth of 758-1. Speolnana taatad u ooXuani with flat and*, 
X taken a qua! to 0.50. 
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